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Abstract 
Magnetic nanoparticles (Fe3O4) were prepared by chemical precipitation of Fe2+ and Fe3+ salt from aqueous solution 
by ammonia solution. The aim of this present study was to investigate the feasibility of using activated maize cob 
coated with magnetic nanoparticles, ferric oxide (Fe3O4) for methylene blue (MB) adsorption. The adsorption of MB 
on activated maize cob coated with ferric oxide (Fe3O4-MCP) was studied as a function of solution pH (3-8), 
adsorbent dosage (0.2-1.0g), initial concentration (100-250mg/L) and contact time. Batch process was used to 
determine the influence of these parameters on the adsorption capacity. The study showed that the adsorption of MB 
dye was pH dependent and the higher efficiency of dye concentration removal was at pH 6.0. The kinetic 
experimental data fitted to the pseudo-first-order and pseudo-second-order models and were found to follow closely 
the pseudo-second-order kinetic model. The results revealed that coating Fe3O4 on activated maize cob powder 
enhance the dye concentration removal in the adsorption process. 
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1. Introduction 
Recently, textile, printing, and other related industries are facing problems of treatment and disposal of 
dye wastewater. Many countries discharge the effluent to surface water without any treatment because of 
technological and economical limitations [1].  
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The elimination of colour from dye-bearing wastewaters is becoming one of the major environmental 
problems since most dyes are stable to light and oxidizing agents. Effluent derived from the textile and 
dyestuff activities can cause serious environmental impact, not only affecting aesthetic merit but also 
reducing light penetration and photosynthesis. Furthermore, some are considered toxic and even 
carcinogenic for human health [1, 2]. However, due to stricter regulations worldwide, numerous 
approaches, including photodegradation, biological treatment, photocatalytic degradation, coagulation, 
chemical oxidation and adsorption have been developed to remove these compounds from dye 
wastewaters [3-6].   
Among the treatment methods, adsorption on commercial activated carbon is a very effective removal 
technique which produces effluents containing very low levels of dissolved organic compounds [7]. 
However, the expensive price of the commercial activated carbon had encouraged many researchers to 
investigate the use of cheap and efficient alternative substitutes to remove dyes from wastewater [8]. 
In recent year, many researchers and scientists has been interested in magnetic separation. Nowadays, 
nanoparticles are not widely applied in the fields of medicine, molecular biology and bionorgenic 
chemistry, but they are also well known in environmental science [9]. The main advantage of this 
technology consists in its capacity of treating large amount of wastewater within a short time and 
producing less contamination [9,10].  
Many researches are concentrating on modified agricultural waste as adsorbent. However, research on 
modified maize cobs using nanoparticles have not been reported before. The objective of this research 
was to evaluate the adsorption potential of impregnated magnetic nanoparticles onto maize cobs for MB. 
This paper reports the preparation of magnetic nanoparticles impregnated onto maize cob as low-cost 
adsorbent and its effectiveness of dye concentration removal for MB aqueous solution. 
2. Materials and Methods 
2.1. Adsorbate 
The basic dye, MB used in this study (C.I. 52015, chemical formula= C16H18CIN3S.2H2O, FW=319.00 
g/mol, Ȝmax=665nm, nature= basic dye) was purchased from SYSTEM ChemAR. 
2.2. Preparation of Fe3O4-MCP 
Fe3O4-MCP was prepared by modifying the method reported by Panneerselvam et al. and Balaji et al. 
[11, 12]. The chemical precipitation is the most common and efficient method to obtain magnetic 
particles. It has been used to prepare particles with homogeneous composition and narrow size 
distribution. A complete precipitation of Fe3O4 was achieved under alkaline condition while maintaining 
a molar ratio of Fe2+:Fe3+ (1:2) under and inert environment. Magnetic particle obtained from dissolving 
4.58g of FeCl2.4H2O and 8.93g FeCl3.6H2O in 80mL distilled water with vigorous stirring (1000rpm) 
under inert atmosphere. 10mL of ammonium hydroxide solution (25%) was added to the solution while it 
was heated up to 80oC. 10g of activated MCP was then added to the solution and the reaction was allowed 
to carry out for 30 minutes at 80oC under constant stirring to ensure the complete growth of nanoparticle 
crystals. After 30 minutes, the resulting suspension was cooled down to room temperature and washed 
with distilled water repeatedly to remove un-reacted chemicals. The Fe3O4-MCP was then filtered and 
dried in an oven at 105oC before use. The reaction involved is shown in Eqs. (1) and (2), 
FeCl2.4H2O + 2FeCl3.6H2O + 8NH4OH             Fe3O4 (s) + 8NH4Cl + 20H2O (1) 
Fe3O4 + MCP + 20H2O               Fe3O4-MCP (s) (2) 
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2.3. Adsorption studies 
Throughout the experiment, 125μm particle size of Fe3O4-MCP, different dosages (0.2g-1.0g/100mL), 
initial pH of dye solution (3-8), different initial dye concentration (100-250 mg/L) and contact times (5-
45 min) were used under room temperature (±27oC), where conditions of least effect had been eliminated. 
For each run, dye stock solution of 250mg/L was prepared and 100mL of the dye solution from the 
stock solution was introduced into a 250mL screw cap Erlenmeyer flask, which contained a certain 
amount of Fe3O4-MCP based on required dosage. The flask was then put in an orbital shaker at 200 rpm 
for a certain period of time under room temperature (±27oC). Then, the mixture in each flask was filtered 
by filtered paper and the final concentration of MB in the filtrate was measured using Shimadze UV 
spectrometer (Model-UV 16001 PC) with wavelength 665nm. The effect of pH of the initial solution on 
the equilibrium adsorption of MB was analyzed over a pH range from 3 to 8. The pH was adjusted using 
0.1M HCl and 0.1M NaOH solutions. Determination of effectiveness of MB adsorption onto Fe3O4-MCP 
with different dosages at various contact time (5min, 10min, 15min, 20min, 25min, 30min, 35min, 40min 
and 45min) were also repeated three times in this work. The dye concentration removal efficiencies were 
calculated by equation (3). 
Adsorption efficiency (%) =  100%Co Ce
Co
−
×   (3) 
where Co and Ce are the initial and equilibrium liquid phase concentration of MB respectively (mg/L).  
The amount of MB adsorbed onto the adsorbent can be calculated by the mass balance relationship by 
the equation (4). 
Adsorption capacity (mg/g), qe =  
Co Ce V
W
−
×   (4) 
where w is the weight of adsorbent (g), and V is the volume of the solution (L). 
The equilibrium data were then fitted to the kinetic pseudo-first-order and pseudo-second order models. 
3. Results and Discussion 
3.1. Effect of pH on dye concentration removal 
Many researchers have reported that the pH of the basic dye, MB solution, could significantly 
influence adsorption process. This is because of MB is basic in nature and it releases coloured dye cations 
in the solution [13]. In order to study the effect of pH on MB adsorption on Fe3O4-MCP, experiments 
were conducted at varying pH range of 3.0 to 8.0 (to avoid dye precipitation) with 250mg/L initial dye 
concentration with 0.4g magnetic particle at the room temperature (±27oC) for the 30min. equilibrium 
time. As shown in Figure 1, the percentage removal of dye concentration removal was observed to 
increase when pH increased from pH 3.0 to pH 6.0. After pH above 6.0, the percentage removals were not 
significant for dye concentration removal. This results show that cationic dye adsorbed onto Fe3O4-MCP 
increased with pH values, suggesting that one of the contributions of Fe3O4-MCP adsorption toward 
cationic dyes resulted from electrostatic attraction between the negatively charged Fe3O4-MCP surface 
and the positively charged cationic dyes. The highest percentage for dye concentration removal was 
93.11% at pH 6.0. 
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Fig. 1. Effect of pH on dye concentration removal. 
3.2. Effect of adsorbent dosage on dye concentration removal 
Adsorbent dosage is a very important parameter in the determination of adsorption capacity. To 
determine the effect of adsorbent dosage on MB adsorption, experiments were conducted by varying the 
adsorbent dosage (0.2, 0.4, 0.6, 0.8, 1.0g/100mL) in the sample solution for a fixed initial dye 
concentration of 250mg/L, room temperature (±27oC), 200 rpm shaking speed and pH 6.0. Effect of 
adsorbent dosage on dye concentration removal is shown in Figure 2. Figure 2 shows that the percentage 
of dye concentration removal increased from 57.79% to 99.89% as the adsorbent dosage increased from 
0.2 to 1.0g/100mL respectively at each equilibrium time. As the adsorbent dosage increases, the surface 
area of the adsorbent will be increased. Hence, more adsorption sites are available to absorb MB from 
aqueous solution. Therefore, the equilibrium time will be shorter at higher adsorbent dosage [14]. 
However, unit of adsorption decreased with adsorbent dosage which decreased from 84.58mg/g to 
28.44mg/g as the adsorbent dosage increased from 0.2 to 1.0g/100mL. According to Garg et al. [14], this 
may be attributed to overlapping or aggregation of adsorbent surface area available to MB and an increase 
in diffusion path length. 
 
Fig. 2. Effect of adsorbent dosage on dye concentration removal. 
3.3. Effect of initial concentration on dye concentration removal 
The effect of MB initial concentration on dye concentration removal was carried out at fixed adsorbent 
dosage, 0.4g/100mL, room temperature (±27oC), pH 6.0, 200rpm shaking speed and at different initial 
concentrations of dye (100, 150, 200, 250mg/L) for time intervals from 5 minutes to 45 minutes. Figure 3 
shows the effect of initial dye concentration on dye concentration removal. The figure shows that 
percentage for dye concentration removal decreased from 99.90% to 94.58% with increasing initial dye 
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concentration from 100 to 250mg/L. However, the actual amount of dyes adsorbed per unit mass of 
adsorbent increased with initial dye concentration. At equilibrium, unit adsorption increased from 
31.99mg/g to 70.29mg/g as the concentration increased from 100mg/L to 250mg/L respectively. This is 
because the mass transfer driving force would become larger as the initial concentration increased. Hence, 
it results in higher MB adsorption [9]. 
From Figure 3, the trend of the plots show the system will take longer contact time to achieve 
adsorption equilibrium as the initial dye concentration increases from 100mg/L to 250mg/L. A dye 
molecule first has to reach the boundary layer and then diffuses into the tiny pores of the adsorbent during 
the adsorption process. This phenomenon takes relatively longer contact time. The time profile of dye 
uptake is a smooth, single and continuous curve leading to saturation, signifying the possible monolayer 
coverage of dye on the surface of the adsorbent [15]. 
 
Fig. 3. Effect of dye concentration on dye concentration removal. 
3.4. Adsorption Kinetic 
The experimental data were applied in pseudo-first-order and pseudo-second-order to analyze the 
adsorption kinetic of MB onto Fe3O4-MCP.  
Pseudo-first order was reported by Lagergren and Svenska [16] and the equation can be written as 
1ln 1 t
e
q k t
q
§ ·
− = −¨ ¸
© ¹
  (5) 
where k1= rate constant (min-1), qe= amount of the solute adsorbed onto the adsorbent surface at 
equilibrium (mg/g), qt = amount of solute adsorbed (mg/g) at any time, t and is given by 
t
Co Ceq V
W
−
= ×   (6) 
Pseudo-second order equation can be expressed by  
2
2
1 1 1
t e eq q k q t
− =   (7) 
where k2 = pseudo-second order rate constant (g/mg.min). The k1 and k2 values are be obtained from the 
slopes of the plots ln 1 t
e
q
q
§ ·
−¨ ¸
© ¹
versus t in Figure 4(a) and  1 1
t eq q
−  versus  1
t
 in Figure 4(b) [17].   
Comparison of adsorption kinetic data for pseudo-first-order and pseudo-second-order models with 
different initial MB concentration at different time was shown in both figure 4(a) and 4(b). From the both 
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figures we can observed that r2 values of the pseudo-first-order are lower than the r2 values of pseudo-
second-order and which means that pseudo-second-order can fit the experimental data better.  
 
 
Fig. 4 (a) Kinetic pseudo-first order; (b) Kinetic pseudo-second order. 
4. Conclusion 
This study has shown the effectiveness of Fe3O4-MCP for the removal of MB dye. The experimental 
results show that, kinetic data were adequately fitted by the pseudo-first-order kinetic model. It is 
expected that the obtained Fe3O4-MCP can be used as potential adsorbents for the removal of various 
toxic pollutants from dye wastewater as the magnetic nanoparticles contain high surface area and large 
pore size for dye molecules to be adsorbed on the surface of Fe3O4-MCP. 
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